Objective: To investigate whether there is an association between socioeconomic status and a healthy diet, taking the possible influence of other social variables such as age, gender, income and household composition into consideration. Design: Cross-sectional study. Setting: Nationwide study in Denmark, 1995. Subjects: Random sample from the civil registration system. A total of 852 men and 870 women aged 18-80 y participated, a response rate of 58%. Interventions: A 7 day estimated dietary record was used to obtain information about the diet. Information about social background was gained through face-to-face interview. Results: The intake of fruit and vegetables and the percentage energy (E%) from fat in the diet were significantly associated with the educational level of both men and women. For men with only basic schooling, the mean intake of vegetables and fat was 84 g=10 MJ and 41 E% respectively. Men with long higher education had a mean intake of 119 g=10 MJ of vegetables and 37 E% of fat. For women, the corresponding figures for the intake of vegetables and fat were 131 g=10 MJ and 38 E% and 175 g=10 MJ and 37 E%, respectively. For women, age, income and household composition were also significantly associated with the intake of fruit and vegetables. Conclusions: Education seems to be the most important social variable to explain social differences in dietary habits. Additional variables are needed to explain dietary habits of women. Differences are seen for both foods and nutrients. Sponsorship: The data analysis was financially supported by the Health Insurance Fund.
Introduction
It is well documented that health is influenced by socioeconomic status. This is true not only for countries where there are large gaps in wealth and power between different social classes, but also for countries with more egalitarian ideologies and social policies, such as Denmark. The main contributor to this inequality in health in the Nordic countries is different rates of cardiovascular mortality among socioeconomic groups . In Denmark, several studies have demonstrated social differences in cardiovascular diseases (CVD) and also obesity, both of which are related to diet (Ingerslev et al, 1994; Kjøller et al, 1995; Mackenbach et al, 1997; Tüchsen & Endahl, 1999) . Moreover, social inequality in health among Danish men has increased during the last 20 y (Ingerslev et al, 1994; Tüchsen & Endahl, 1999) .
Social differences in health appear whether the indicator for socioeconomic status is occupational status or education. Unskilled workers have significantly higher rates of mortality from CVD than upper level salaried employees. The same disparity exists between those with low and high levels of education. Among men, the higher the education the lower the mortality rate is from CVD. For women this association is less consistent. The difference in mortality rates among social groups is generally smaller for women than for men. Further, marginalised people, ie the unemployed or people with a disability pension, are in poorer health than those in the active labour force (Iversen, 1989; Ingerslev et al, 1994; DIKE, 1996) .
Many studies have focused on social differences in lifestyle, such as smoking and dietary habits, in order to explain social inequalities in health (Osler, 1993; Prättälä et al, 1994; James et al, 1997; Lynch et al, 1997; Cavelaars et al, 1997; Johansson et al, 1999) . There is now evidence that in Denmark the percentage of smokers is higher among the least educated than among the most educated people. The gap between the two groups widened further from 1982 to 1992 (Kjøller et al, 1995; Osler et al, 2000) . Concerning social differences in dietary habits, results have been less clear (Haraldsdottir et al, 1987; Osler et al, 2000) . A large number of studies have shown significant disparities in the intake of foods, with higher social groups eating more in accordance with dietary guidelines. However, when nutrients instead of foods have been calculated the differences have been either eliminated or diminished. The implications of this approach has been a matter of controversy (Bolton-Smith et al, 1991; Smith & Baghurst, 1992; Hulshof et al, 1995; Prättälä, 1995; James et al, 1997; Smith & Brunner, 1997; Roos, 1998; Roos et al, 1999) .
There are not many large nationwide studies that have investigated in detail dietary habits in terms of foods and nutrients, and also occupational status and education, at the individual level. Only a few of these have used multivariate statistical analysis enabling the consideration of the influence of different social variables simultaneously.
Aim of the study
The principal aim of the study was to investigate whether there is an association between socioeconomic status and a healthy diet taking the possible influence of other social variables such as gender, age, income and household composition into consideration. Education and occupational status were considered primary indicators of socioeconomic status. It was expected that dietary habits of people with high education as well as those with high occupational status would be closest to dietary recommendations. Groups with the lowest level of education and unskilled workers were expected to have dietary habits least in accordance with the recommendations. The hypothesis that marginalised people (unemployed or with disability pension) have unhealthier dietary habits was investigated as well.
Material and methods
The study was a cross-sectional study conducted in Denmark in 1995 (Andersen et al, 1996; Groth & Fagt, 1997) .
Subjects
The study population was a random sample from the Danish civil registration system, aged 1 -80 y stratified by age and gender. Foreign citizens, institutionalised people, as well as people whose meals were prepared outside the home, were excluded -a total of 66 people. It was anticipated that the first group might have language problems and that the latter two might not know enough about the exact content of their meals. Altogether 3098 individuals participated in the study. The response rate was of 66%. In the analyses presented in this paper, only the adult population from 18 to 80 y was included, a total of 1722 participants. The response rate in this group was 58%.
Information about social determinants
Social background data, specific details about dietary practices and data about attitudes, knowledge and other lifestyle variables were collected by face-to-face interview. The structured questionnaire comprised pre-coded response categories and open-ended questions. At the end of each interview, the respondents were instructed how to fill in a dietary record. Education was measured according to length of total education, and occupational status according to job position. The unemployed were examined separately. Standard questions developed by Statistics Denmark were used.
Dietary information
Information on the diet was obtained by using a 7 day dietary record with pre-coded alternatives for the most common foods eaten. The dietary record had been validated against nitrogen urinary excretion in a pilot study. The mean value for EI:BMR est from the nationwide study was 1.53 (Groth & Fagt, 1997) , indicating that energy intake reported in the study was valid according to cut-off values suggested by Goldberg et al (1991) . To take seasonal variation of food intake into account, data was collected in February, May and August. Household measures and four different series of pictures (the amount of fat spread on bread, of vegetables eaten at dinner, of rice and pasta, and of stews) were used to estimate portion sizes. Completed dietary records returned by mail were checked for missing and unclear data. Nutrients were calculated with the help of Danish food composition tables 1995 (Møller & Saxholt, 1996) . Use of vitamin and mineral supplements were not included in the calculations of nutrient intake. Foods were classified into 14 major food groups and 207 food items.
Data analysis
Indicators of a healthy diet in this study were food groups and macronutrients considered to be of special importance to health and for which there are special Danish dietary guidelines. Fruit and vegetables were classified according to new Danish guidelines for the intake of fruit and vegetables (excludes potatoes). Both raw, frozen, cooked and canned vegetables and fruit were included. Fruit juice was incorporated in the fruit group.
In order to avoid bias caused by different intakes of energy in the various categories of occupational status and education, the amount of foods consumed was adjusted for energy intake. Since the mean daily intake in the survey was 10 MJ, it was possible to compare intake per 10 MJ with dietary guidelines referring to daily intake. Since many surveys have consistently shown that higher occupaSocial determinants of dietary habits MV Groth et al tional and educational groups have a higher intake of alcohol, nutrients were calculated without alcohol. Consumption of alcohol is not included in the Nordic recommendations for a healthy diet. Education and occupational status were both divided into six categories according to standards of Statistics Denmark. The education variable was defined as the highest level achieved and included both basic school (ie primary and secondary school) and higher education.
A marginalised person from the labour force was defined as an individual who is either unemployed or 35 to 61-y-old and on social income or disability pension. Accordingly, students and retired people were not included. In the multivariate regression analyses, marginalised people were placed in an additional category from the variable 'occupational status'. It included 167 people.
There were five age categories in the multivariate analysis: 20 -24; 25 -34; 35 -44; 45 -54 and 55 to 67 y. Household composition had three categories: single households; household with at least one child under 19 y; and other households (mainly couples). Income had five categories based on total household income before tax, adjusted for size of the household according to the general OECD standard. The adjusted incomes were split into five categories with almost the same number of study participants.
Statistics
Univariate analysis. Using standard sample survey techniques, estimates of mean intake of selected foods and nutrients were calculated as weighted means, with weights proportional to inverse probability of participation. This was done for all the different categories of education and occupational status. The weights are equal for individuals in the same age -gender stratum but may differ among persons in the same category of education or occupational status. Calculations were done separately for men and women. To test the hypothesis of equal mean intake across categories, a one-way analysis of variance model for the multivariate normal distribution with a known covariance matrix was used. Specifically, the estimated covariance matrix of the estimates of mean intake was computed for the various categories, again using standard sample survey techniques. This estimated covariance matrix, determined with quite a few degrees of freedom, was considered to be the true one. Based on standard results in survey sampling, the estimates could therefore be assumed to be normally distributed with a known covariance matrix. To test the hypothesis of equal mean intakes, the likelihood-ratio chi-square statistic was computed. A macro was written in the statistical software package SAS to perform the analysis (Groth & Fagt, 1997) .
Multivariate analysis
The simultaneous effect of the social variables was examined for men and women separately in four regression analyses, with the sum of the intake of fruit and vegetables and percentage of energy (E%) from fat in the diet as response variables. For fruit and vegetables, it was necessary to transform the variable by taking the logarithm in order to fulfil the distributional assumptions underlying the statistical model. Consequently, the interpretations of the results for the two response variables are different.
Occupational status, education and marginalisation from the labour force were variables of primary interest. Age, income and household composition were other explanatory variables. The analyses were performed separately for men and women because of different dietary habits and presumably different social determinants. Only respondents in the age group 20 -67 were included in this analysis because the classification according to occupational status could only be done for the active labour force.
The analyses were made using PROC GLM in SAS. The parameters were estimated by the maximum likelihood method. Using F-tests the models were reduced by stepwise omission of non-significant explanatory variables.
The assumptions underlying the model were verified by analysing the residuals and by testing the significance of first-order interactions between explanatory variables.
Results
Women in the study population were in general slightly younger than men due to a very low response rate among elderly women (Table 1 ). The group 'upper secondary school' comprised mostly young people who might not yet have completed their education. Consequently they were not quite comparable with the other groups. A relatively large proportion of the study population was not part of the labour force, the percentage for women being higher than that for men. Housewives were included in the group 'other'. From an international perspective the percentage of housewives is very small.
Univariate analysis.
There was significant differences in the intake of foods among the six educational groups, except for cheese and fish for men, and fruit for women ( Table 2 ). The direction of the difference formed a systematic pattern: those with long higher education or medium length higher education had dietary habits most in accordance with the dietary guidelines; the habits of those with only basic school were least similar to the guidelines.
There were significant differences in the intake of energy (for men) and selected nutrients among the six educational groups (Table 3) . Especially for men there was a consistent pattern: the longer their education the closer their dietary habits were to the recommendations. Only for alcohol was the pattern reversed: respondents with basic school had drinking habits more in accordance with recommendations than those with either vocational or higher education. For women, the trend was in favour of those with medium length higher education. When the Social determinants of dietary habits MV Groth et al difference in E% from fat was calculated so that it included alcohol as well, it increased from 3.3 to 3.6 for men. For women the difference in E% from fat was smaller: 1.8. Including alcohol increased the difference to 2.1.
The mean intake of selected foods (as shown in Table 2 ) in groups with different occupational status was calculated (data not presented). The six occupational groups for men had significantly different intakes of fruit, vegetables, vegetable oil and fish (P-values 0.002, 0.002, < 0.001, < 0.001). The direction of the difference was that the group 'upper level salaried employees' had dietary habits closer to the guidelines than unskilled workers. A similar pattern was also seen for total fats, skimmed milk and cheese. For women, the six occupational groups had significantly different intakes of vegetables, total fats, cheese, skimmed milk and fish (P-values 0.001, < 0.001, 0.005, 0.002, 0.004). Apart from cheese, the direction of the difference was similar to that of men: upper level salaried employees' dietary habits were more in accordance with the guidelines than unskilled workers' habits.
Intake of energy and selected nutrients (as shown in Table 3 ) was also calculated for the groups with different occupational status (data not presented). For men, the overall P-value was only significant for E% from saturated fat (P ¼ 0.003). However, a systematic pattern was seen for E% from fat, carbohydrate, alcohol and dietary fibre. Unskilled workers' dietary habits least resembled and upper level salaried employees' most resembled the dietary recommendations. Alcohol was the exception. The size of the difference in E% from fat between unskilled workers and upper level salaried employees was 2 and 2.5, excluding and including alcohol, respectively. For women, significant differences among occupational groups were found for E% from fat, saturated fat and alcohol (P ¼ 0.015, < 0.001, 0.017). The pattern was the same as for the The results consistently showed that women had healthier dietary habits than men, although none of the groups fulfilled all recommendations for a healthy diet.
Multivariate regression analysis Fruit and vegetables. For men (Table 4) , only education was significantly associated with the intake of fruit and vegetables. The non-significant variables, ie occupational status, age, income and household composition, were therefore omitted from the model. The general level of intake (normalised as that of the group 'vocational education') was estimated to 182 g=10 MJ. The estimated effect of educational level describes the relative intake of fruit and vegetables, eg men with basic school had a 21% lower intake and men with long higher education had a 48% higher intake than men with vocational education. The intake in the different educational groups may be estimated by multiplying the estimated effect of the group by the estimated general level.
For women (Table 4) , education, age, income and household composition were all significantly associated with the intake of fruit and vegetables. Occupational status was omitted from the model as the only non-significant variable. The general level of intake was estimated to 308 g=10 MJ. The estimated effects of an explanatory variable describes the relative intake between two women belonging to the same groups of the three other variables. For instance, a woman with long higher education had a 27% higher intake of fruit and vegetables than a woman with vocational education, and a 30% higher intake than a woman with basic school (calculated as the fraction between 1.27 and 0.97). In this example, the women belonged to the same age and income groups and lived in the same type of households. A woman's intake may be estimated by multiplying the general level in the population by the estimated effects of the age, education, income and household composition groups to which she belonged.
When comparing women from the same age, income and household composition groups, women with only basic school had the lowest intake of fruit and vegetables while women with medium or long higher education had the highest intake. The intake of fruit and vegetables increased with age. However, the association with income was unsystematic, with the two lowest income groups and the highest one having the lowest intakes. Women living in families with children had the lowest intake compared to single women or couples.
Fat. For men (Table 5) , only education was significantly associated with E% from fat in the diet, and the nonsignificant variables, ie occupational status, age, income and household composition, were omitted from the model. The general level of intake (normalised as that of the group 'vocational education') was estimated to 40.2. The estimated effect of the educational level describes the difference in the intake of E% from fat in the diet, not the relative intake, as in the analysis of fruit and vegetables. The intake for men with basic school was 1.13 above the general level and that for men with long higher education was 3.25 below the general level. The intake in the different educational groups may be estimated by adding the estimated effect of the group to the estimated general level.
For women (Table 5 ) both education and age were significantly associated with E% from fat in the diet. The non-significant variables, occupational status, income and household composition, were omitted from the model. The general level of intake (normalised as that of women with vocational education and in the age group 55 -67) was estimated to 38.99. The estimated effects of education and age respectively, describes the difference in E% from fat in the diet for two women belonging to the same group of the other variable. For instance, a woman with medium length higher education had an intake 2.48 below the level of a woman with vocational education when the women belonged to the same age group. The intake of a woman may be estimated by adding the estimated effects of the age and education groups to which she belonged to the general level of intake in the population. For instance the estimated intake of women between 20 and 24 y with a long higher education was 33.89 (obtained as the sum of 38.99, 72.93 and 72.17). When women from the same age group were compared, those with medium or long higher education had the lowest intake of fat. When comparing women from the same educational group, those belonging to the youngest age group clearly had the lowest level of fat intake. Across the other age groups intakes were almost consistent.
Marginalisation. The association between dietary habits and marginalisation was also examined in the regression analysis. In all four analyses the effect of marginalisation was non-significant. The intake of fruit and vegetables was 6% lower among marginalised women, and 7% higher among marginalised men. The intake of fat among both marginalised men and women was higher, but only by less than 1 E%.
Discussion
The study showed an association between education and dietary habits for almost all indicators of a healthy diet. Significant differences were seen for both foods and nutrients, and the results showed a systematic pattern. Men with long higher education had dietary habits more in accordance with the dietary guidelines and recommendations than those with only basic school. For women the pattern was not as clear. The groups with the healthiest dietary habits were those with a long or medium-length higher education. The group with habits least resembling the recommendations were either those with basic school or vocational education. Social differences in dietary habits were greater among men than among women. These results are in line with many other studies, especially those carried out in northern Europe on social differences in food habits. However, with regard to E% from fat in the diet, the results of this study diverge (at least for men) from those of the others studies, which show almost no social difference Roos et al, 1999) . In the multivariate analysis, when the effect of education, occupational status and marginalisation was considered simultaneously, the hypothesis of an association between socioeconomic status and a healthy diet was supported only concerning education. This underpins results from other studies from northern Europe (Roos, 1998; Johansson et al, 1999; Roos et al, 1999) . The multivariate analysis also showed that more variables were needed to explain women's dietary habits than men's. This result could indicate that women's habits are more affected by their total situation in life than men's habits. A study from Finland reached this conclusion as well (Roos, 1998) .
The methodology of this study has several strengths. A 7 day estimated dietary record is usually considered a valid and reliable method for measuring current dietary habits. An indication of the validity of the data is that the average EI:BMR est was 1.53 and a total of 14% of the respondents were under-reporters (EI:BMR est < 1.1). This is less than found in most other national dietary surveys Macdiarmid & Blundell, 1998) . The study included a large number of subjects selected from the general population, as well as several indicators of socioeconomic status. These were measured in a standardised way and contained many categories. Multivariate regression analysis was used to control possible associations between determinants.
Studies from Britain and Finland have found social differences in the intake of antioxidants but not in that of fat. It has been concluded that this observed difference might contribute to the observed inequality in health (James et al, 1997; Smith & Brunner, 1997; Roos, 1998) . Differences in the intake of fruit and vegetables among the different educational groups in this study support this hypothesis. However, this study also found differences in fat intake, especially among men.
The size of the difference in the intake of both foods and nutrients between the higher and lower educated tends to be greater than that found in most other studies, including the former nationwide Danish dietary survey from 1985 (Haraldsdottir et al, 1987; Roos, 1998; Roos et al, 1999; De Irala-Estevéz et al, 2000) . The reason for this could be that in this study the grouping of some foods, and also of variables measuring social background, was more refined. For instance the food group 'vegetables' excluded potatoes. Differences in the intake of vegetables between educational groups become greater when potatoes are not included (Haraldsdottir et al, 1987) . In addition, many studies have distinguished only three or four educational groups, whereas this study contained six 1999) .
The dissimilarity of results of the 1985 Danish dietary survey and the present study may also originate from the different dietary methods applied. The outcome of a metaanalysis indicates that the dietary record method tends to result in greater social differences than other dietary assessment methods. The analysis compared dietary record with 24 h recall and food frequency. Unfortunately there was only one study using the diet history method (De IralaEstevéz et al, 2000) . Another possible explanation is that a greater percentage of the highly educated changed their dietary habits in a healthier direction in the period between the studies. Yet data from this study do not support this, because a larger percentage of people with low levels of education claimed that they had changed habits in a healthier direction within the last 2 -3 y. However, the highly educated may have changed their habits in the period before being opinion leaders. Another Danish study did not find an increase in social differences in dietary habits when comparing the period between 1982 to 1992 (Osler et al, 2000) .
A limitation of the study is the relatively low response rate. The non-respondents were older and more often living in the municipality of Copenhagen. In addition, they were more often unskilled manual workers and had a lower level of education than the respondents. This is in accordance with results found in other population surveys (Kjøller et al, 1995; Turell & Najman, 1995) . The weighting procedure used to calculate means compensated for the different age distribution in the sample. However, it is still possible that the study population in general had healthier dietary habits than the non-respondents. A study from Australia concluded that large population surveys based on methods requiring high skills from participants, eg self-administered questionnaires, may produce results that will underestimate real differences among social groups (Turell & Najman, 1995) .
The use of standard recipes for many dishes and standard portions for the amount of fat used for frying may have also underestimated real differences, and thereby diminished existing social difference. Data on attitudes in this study showed that people with higher education paid more attention to a healthy diet. It is therefore possible that they use recipes which are more healthy. Yet, due to this health orientation, people with high levels of education may be more inclined to over-report the intake of foods with a healthy image, such as fruit and vegetables, and under-report unhealthy foods, such as fats. In this case real differences are over-estimated, as reported in a study by Hirvonen et al (1997) . However, a consistent pattern of under-reporting or selective reporting in the intake of foods by different social groups has not been documented. Most studies have found that lower educated groups tend to under-report their dietary intake (Stallone et al, 1997; Macdiarmid & Blundell, 1998) . Data from this study show that a significantly greater percentage of women with basic school were under-reporters (EI:BMR est < 1.1) as compared to women with long or mediumlength higher education. For men, there were as many under-reporters among those with long higher education as among those with basic school.
If people with high levels of education are more inclined to report socially acceptable behaviour, this could especially be expected for fats. In the years prior to this study, Danish nutrition education campaigns focused on advice to reduce the intake of added fats. Campaigns for an increased intake of fruit and vegetables gained in strength only after 1998, when the study had already been completed. A Social determinants of dietary habits MV Groth et al greater percentage of the highly educated in this study mentioned food with little fat as the main characteristic of a healthy diet as compared to those with only basic school. The latter group mentioned fruit and vegetables more frequently than those with long further education. An overestimation of real differences in fat intake is therefore possible. The size of such systematic errors in this study cannot be estimated, but it is unlikely that it can account for the total difference found in the study. Hence, the results support that social background still plays a role in dietary habits. The importance of education underlines the impact of structural as well as cultural and psychosocial factors.
Conclusion
Education seems to be the most important social variable explaining differences in dietary habits. For women, additional variables are needed to explain dietary habits, such as age, income and household composition. Women generally have healthier dietary habits than men. The combined effect of the social differences found for almost all of the analysed indicators of a healthy diet may contribute to the inequality in health among groups with different educational levels in Denmark -especially among men.
